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An outbreak of human Salmonella enterica serotype
Typhimurium DT160 infection in New Zealand was investigated
from May to August 2001. Handling of dead wild birds, contact
with persons with diarrheal illness, and consumption of fast food
were associated with infection. Contaminated roof-collected
rainwater was also detected. 
A
lthough rates of reported salmonellosis in New Zealand
are relatively high for an industrialized country (average
of 46.1 cases per 100,000 population per year, 1995–2001 [1]),
strict biosecurity has prevented extension to New Zealand of
the global pandemics of Salmonella enterica serotype
Enteritidis and S. enterica serotype Typhimurium definitive
type (DT) 104 (2). S. Typhimurium DT160 was first identified
as a human pathogen in New Zealand in 1998 (3). Since July
2000, the incidence of human infection with this serotype has
increased markedly, and the geographic distribution of cases
has progressively expanded from New Zealand’s South to
North Islands (Baker et al., unpub. data). However, routes of
disease transmission have not been identified. The epidemic
occurred in parallel with an epizootic leading to deaths in wild
birds, mainly sparrows, due to septicemia caused by S.
Typhimurium DT160 (4). We report an investigation of an out-
break of S. Typhimurium DT160 infection in humans.
The Study
In May 2001, 24 cases of S. Typhimurium DT160 salmo-
nellosis were reported in the Auckland region compared with
an average of four sporadic cases each month with this serotype
in the previous 7 months. Raw and undercooked egg consump-
tion was commonly reported by the first 10 case-patients inter-
viewed. A case-control study and environmental investigation
were undertaken to identify the vehicle of infection and source
of the outbreak. Recognizing the potential for a widely dis-
persed foodborne outbreak, we expanded the investigation
throughout New Zealand.
Cases were identified from disease reports and isolates
received by the national reference laboratory. We defined a case
as diarrhea (≥3 loose stools in a 24-hour period) or vomiting
after April 28, 2001, with a stool specimen positive for S.
Typhimurium DT160. Patients were excluded if they had a his-
tory of contact with another person with culture-confirmed S.
Typhimurium DT160 infection, or if they had a history of
recent overseas travel. Each case was matched with two con-
trols found from randomly drawn telephone numbers, matching
for neighborhood and age (<1, 1–4, 5–14, >14 years). 
Patients and controls were interviewed by telephone. The
questionnaire covered symptoms (patients only) and contact
with other symptomatic persons, bird or animal contact, and
food consumption in the 3-day period before onset of illness
(cases and controls). Parents or guardians were interviewed on
behalf of children ages <12 years. A matched univariate analy-
sis was performed with SAS software (5). Stepwise condition-
al logistic regression analyses were performed, also using SAS,
to identify the combination of variables that best explained the
differences between case-participants and controls.
Samples from the drinking water supply of case-patients
with a history of recent consumption of nonreticulated water
were collected and tested for coliforms and S. enterica by using
standard methods (6).Brands of eggs eaten raw within the incu-
bation period were sampled at random from retail displays at
the case-patients’purchase site. At least six shell eggs were col-
lected in each sample. Eggshell surfaces and contents were test-
ed with standard methods (7). Broken or cracked eggs were
excluded from analysis. Salmonella isolates were serotyped by
using the Kauffman-White scheme (8) and S. Typhimurium
isolates were phage typed by using the Laboratory of Enteric
Pathogens method (9).
From May to August 2001, a total of 170 case-patients
meeting the case definition were identified. Of these, 119
(70%) agreed to participate and were enrolled in the study,
along with 235 matched controls. The median age of case-
patients was 8 years (range 4 months to 90 years), and 57%
were female. The most frequently reported symptoms were
diarrhea (97%), abdominal pain (77%), excessive tiredness
(67%), and fever (66%). Vomiting in the absence of diarrhea
was reported by one (0.8%) patient. The median duration of ill-
ness was 7 days (range 1–44 days); 17 (15%) patients were hos-
pitalized, and none died. Case-patients and controls did not dif-
fer significantly according to age, sex, immunosuppressive
therapy, treatment to reduce gastric acidity, or use of antibi-
otics. All S. Typhimurium DT160 isolates were sensitive to
ampicillin, cephalothin, chloramphenicol, ciprofloxacin, co-tri-
moxazole, gentamicin, streptomycin, sulfonamides, tetracy-
cline, and trimethoprim.
Seven exposures had significant univariate associations
with increased risk for illness (Table). Four represented differ-
ent levels of contact with other persons with gastrointestinal ill-
ness (i.e., within 28 days of illness onset; within 3 days of
onset; within the household; or outside the household). Direct
handling of dead wild birds, consumption of fast food, and con-
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barbecue, were also significantly associated with illness. Six of
those who had handled dead birds were <5 years of age. Others
who had handled dead birds had no characteristics in common.
After stepwise regression, contact with a person with gastroin-
testinal illness in the 28 days before onset of illness in the case-
patient (adjusted odds ratio [OR] 2.8; 95% confidence interval
[CI] 1.4 to 5.4), handling of dead wild birds (adjusted OR 10.5;
95% CI 2.3 to 47.5), and consumption of fast food (adjusted
OR 1.7; 95% CI 1.0 to 2.9) had independent significant associ-
ations with illness.
Twelve case-patients throughout New Zealand indicated
that they had drunk water from nonreticulated and untreated
water sources. Eight sources were sampled in Auckland. Seven
patients used roof-collected rainwater, and one used rainwater
plus water from a dam. Four sampled sources, used by five
patients, contained S. Typhimurium DT160. All were from
roof-collected rainwater. Four of the five patients who had
eaten raw eggs could identify the retail brand and outlet of pur-
chase. These four patients had purchased six different brands
of eggs from seven different retail outlets. Samples for two
brands were positive for S. Thompson, both from shell surface
washings. 
Conclusions
Epidemiologic investigation of an outbreak of S.
Typhimurium DT160 infection in New Zealand from May to
August 2001 found that contact with dead wild birds, contact
with other persons with gastrointestinal illness, and consump-
tion of fast food were all significantly associated with illness.
In addition, S. Typhimurium DT160 was found in roof-collect-
ed rainwater drunk by five patients. 
S. Typhimurium DT160 had been previously identified as
the cause of large numbers of sparrow deaths in New Zealand
in 2000, and analysis by pulsed-field gel electrophoresis (using
the method described by Barrett et al. [10] and restriction
enzyme XbaI) demonstrated that bird and human isolates in
2000 were indistinguishable (4). In our study, information was
not collected on exposure to environments contaminated by
wild bird feces, such as parks and play areas, a fact that may
have underestimated the avian contribution to human illness. S.
Typhimurium DT160 has previously been recognized as a bird
pathogen in Canada (11) and in England (12). Before its emer-
gence in New Zealand, the human S. Typhimurium DT160
infection had only been reported in the context of a 1979 insti-
tutional outbreak in the United Kingdom, linked to food con-
tamination by sparrow droppings (13). 
Consumption of undisinfected water has previously been
identified as a risk factor for salmonellosis linked to bird trans-
mission (14). This risk factor was not confirmed by our case-
control study, despite the finding of S. Typhimurium DT160 in
roof-collected rainwater. This discrepancy is probably because
case-patients and controls were matched by neighborhood, and
types of water sources are usually consistent within neighbor-
hoods. 
The association of illness with contact with another person
with gastrointestinal illness is likely underestimated because
secondary salmonellosis cases were excluded. Consumption of
fast food was associated with illness; however, no single type
of food outlet or food was identified. Case-patients were equal-
ly likely to have eaten food from chain fast-food restaurants as
from family-owned fast-food outlets. Consumption of fast food
may have occurred in environments contaminated by bird
feces, or the foods themselves may have been contaminated,
either during production or by infected foodhandlers (15). 
Sampling and recall bias may have influenced the results of
this study. Asymptomatic Salmonella carriers would not have
been excluded from selection as controls, potentially reducing
the magnitude of observed associations. Recall may have been
influenced by delays between exposure and interview, although
participants were asked to refer to a memory aid (personal
diary or calendar). Recall of unusual exposures is less likely to
have been affected. 
The investigation successfully excluded a single common
source exposure for this outbreak and instead suggested that
multiple exposures contribute to S. Typhimurium DT160 infec-
tions in New Zealand. Strategies for addressing these exposures
include routine treatment of roof-collected rainwater, hygienic
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Table. Frequency of selected exposures among case-patients and controls, Salmonella Typhimurium DT160 outbreak, New Zealand, 2001  
No. (%) 
Exposure  Case-patients n = 119  Control n = 235  Matched OR
  95% CI
  p value 
Direct handling of dead wild birds   13 (10.9)  3 (1.3)  12.28  2.76 to 54.63  0.001 
Exposure to person with D&V in household in 3 d 
before illness in case-patient 
7 (5.9)  3 (1.3)  4.67  1.21 to 18.05  0.03 
Exposure to person with D&V in any setting in 3 d 
before illness in case-patient 
14 (11.8)  8 (3.4)  3.81  1.53 to 9.49  0.004 
Exposure to person with D&V in household in 28 d 
before illness in case-patient 
11 (9.2)  8 (3.4)  3.11  1.13 to 8.54  0.03 
Exposure to person with D&V in any setting in 28 d 
before illness in case-patient 
28 (23.5)  20 (8.5)  3.05  1.64 to 5.69  <0.001 
Consumption of food at a large gathering  24 (20.2)  23 (9.8)  2.44  1.27 to 4.68  0.007 
Consumption of any fast food  69 (58.0)  111 (47.2)  1.69  1.04 to 2.75  0.04 
Drinking of roof-collected rainwater  12 (10.1)  19 (8.1)  2.35  0.55 to 10.05  0.25 
Consumption of raw eggs  5 (4.2)  3 (1.3)  3.33  0.80 to 13.95  0.10 
aDT, definitive type; D&V, diarrhea and vomiting; OR, odds ratio; CI, confidence interval. Emerging Infectious Diseases • Vol. 9, No. 4, April 2003 495
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disposal of dead birds, and promotion of hand-hygiene proto-
cols and sick foodhandler policies in fast-food outlets. The
source of this incursion of S. Typhimurium DT160 into New
Zealand remains unknown: Bird isolates have been exclusively
from nonmigratory birds, S. Typhimurium DT160 has not been
identified in neighboring countries in the Pacific Basin, and
early case-patients did not have a history of overseas travel. 
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